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(57) Abstract 

A hybrid drive device has an internal combustion engine (1), an energy converter (3) adapted to co-operate with an output shaft (2) 
of the internal combustion engine and which comprises an electric machine having a first (4) and a second (5) rotor, which are arranged 
to co-operate by transmitting power through magnetism with each other and may rotate with different numbers of revolutions, one (4) of 
which is provided with one or several windings. A power source (7) is adapted to exchange electrical energy with the windings through 
the alternating voltage in the windings. A unit (6) is adapted to be able to influence the torque of the drive shaft (10) out from the energy 
converter without changing the number of revolutions of this shaft or changing the number of revolutions of the output shaft (2) of the 
internal combustion engine. 
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A HYBRID DRIVE DEVICE AND A WHEELED VE- 
HICLE PROVIDED WITH A HYBRID DRIVE DEVICE 

10 FIELD OF THE INVENTION AND PRIOR ART 

The present invention relates to a hybrid drive device compris- 
ing an internal combustion engine, an energy converter adapted 
to co-operate with an output shaft of the internal combustion 

15 engine and which comprises at least one electric machine 
having a first and a second rotor, which are adapted to co- 
operate with each other by transmitting power through magne- 
tism and may rotate with different numbers of revolutions, at 
least one of which being provided with one or a plurality of 

20 windings, and a power source adapted to exchange electrical 
energy with said windings through an alternating voltage in said 
windings for a co-operation of the rotors by transmitting power 
through magnetism, as well as a wheeled vehicle provided with 
such a hybrid drive device. 

25 

Such hybrid drive devices may be used in all conceivable situa- 
tions, where there is a desire to be able to co-ordinate the en- 
ergy supply through an internal combustion engine and the en- 
ergy supply by way of electricity for energy generation and 

30 driving a drive shaft. It may be a question of industrial proc- 
esses, in which there may be a desire to drive certain machines, 
transport devices or the like sometimes through an internal 
combustion engine sometimes through an electric power source 
and sometimes through both of them. In different situations of 

35 operation energy may then be led in different directions be- 
tween the output shaft of the internal combustion engine, the 
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energy converter and said power source for exchanging electri- 
cal energy, and it may for example well be so that the internal 
combustion engine in some situations of operation charges said 
power source through the energy converter, and this gives then 
5 accordingly no addition at all to the energy for driving the drive 
shaft. 

The power source may be of various types, such as an electric 
battery or ultra capacitors, but neither does it have to be an en- 
10 ergy buffer, but it may be formed by an auxiliary engine. It is 
also well conceivable that the power source is formed by the 
general electric network. 

A particularly interesting field of use for a hybrid drive device of 
15 this type is for driving wheeled vehicles, and this particular ap- 
plication will therefore hereinafter be described for illuminating 
the invention and the problem to be solved thereby, but this is 
not at all to be interpreted as limiting the scope of the inven- 
tion. 

20 

Hybrid drive devices for vehicles are used for utilizing the ad- 
vantage of internal combustion engines with respect to the pos- 
sibility to carry fuel in the vehicle lasting for a long driving dis- 
tance and the advantage of battery operation with respect to 

25 absence of emissions (exhaust gases) and indulgence with re- 
spect to the environment. Thus, it is advantageous when driving 
on a highway to generally drive the vehicle through the internal 
combustion engine while charging the power source (the battery 
or the batteries) and possibly sometimes, such as when over- 

30 taking, when going uphill or the like, with an energy addition 
from the power source, so as to have a sufficient amount of en- 
ergy stored in the battery when driving in city traffic for being 
able to drive the vehicle there through electric driving alone. 
The distribution of the load between the internal combustion 

35 engine and the battery may then be controlled according to de- 
termined criteria for obtaining an optimum such distribution 
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with respect to environmental demands and with respect to op- 
eration time and operation characteristics of the hybrid drive 
device. 

5 Hybrid drive devices of this type for wheeled vehicles are known 
through for example DE-A1-41 18 678 and US-A-3 796 278. 

SUMMARY OF THE INVENTION 

10 The object of the present invention is to provide a hybrid drive 
device of the type defined in the introduction, which enables an 
improved utilization of the possibility to combine the internal 
combustion engine and said power source through the energy 
converter with respect to such hybrid drive devices already 

15 known, especially by obtaining a large freedom to adapt the 
different energy flux with respect to magnitude and direction to 
the operation conditions prevailing, such as a possibility to let 
the internal combustion engine operate at given optimum num- 
bers of revolutions and torques. 

20 

This object is according to the invention obtained by providing 
the energy converter of a hybrid drive device of the type de- 
fined in the introduction with a unit adapted to be able to influ- 
ence the torque of a drive shaft out from the energy converter 

25 without changing the number of revolutions of this shaft or 
changing the number of revolutions of the output shaft of the 
internal combustion engine, and by the fact that the device 
comprises a regulating arrangement adapted to co-ordinate 
control of energy flows to and from the internal combustion 

30 engine, the electric machine and said unit. 

It will hereby be possible to obtain a high efficiency of the in- 
ternal combustion engine, since the existence of said unit in 
combination with the electrical energy converter gives an in- 
35 creased freedom, of letting the internal combustion engine oper- 
ate at an optimum number of revolutions and torque, which also 
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results in a possibility to keep the emissions from the internal 
combustion engine at a comparatively low level. Thus, it will be 
possible to influence the torque of the drive shaft without 
changing the number of revolutions of this shaft, which makes it 
5 possible to maintain an unchanged number of revolutions if de- 
sired of the output shaft of the internal combustion engine in- 
spite of changing the torque of said drive shaft. This may be 
achieved by appropriate controlling of the energy converter (the 
electric machine thereof). Although the hybrid drive device ac- 

10 cording to the invention is in fact a parallel hybrid system a se- 
ries hybrid function is obtained in this way in the sense that the 
number of revolutions and the torque of the internal combustion 
engine are not determined by the number of revolutions and the 
torque of said drive shaft - in the case of a wheeled vehicle the 

15 wheel axle of this vehicle. 

According to preferred embodiment of the invention said unit 
comprises a second electric machine having at least a rotor 
connected to said drive shaft and a stator, that at least one of 

20 the stator and the rotor of the second electric machine is pro- 
vided with windings and that the power source is adapted to ex- 
change electric energy with the windings last mentioned 
through an alternating voltage in said windings for co-operation 
of the rotor and the stator of the second machine by transmit- 

25 ting power through magnetism and thereby of the stator and 
said drive shaft out from the energy converter. By arranging 
such a second electric machine of the energy converter it will be 
possible through the energy supply to the winding of this ma- 
chine to give a torque contribution to said drive shaft com- 

30 pletely independent of the number of revolutions of the output 
shaft of the internal combustion engine. Thus, the first machine 
may be controlled completely independent of the second ma- 
chine for enabling a desired number of revolutions of the output 
shaft of the internal combustion engine at a given number of 

35 revolutions of the drive shaft, which may be imposed by the 
number of revolutions of a wheel axle connected to the drive 
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shaft, and the possible number of revolutions of the output 
shaft of the internal combustion engine may be varied by con- 
trolling the first electric machine, and the torque on the drive 
shaft may at the same time be varied completely independent 
5 thereof through controlling the energy supply to said second 
electric machine. Accordingly, the number of revolutions of the 
internal combustion engine may be controlled by means of the 
electric frequency fed to the rotor windings of the first electric 
machine. Thus, the power of the drive shaft in this device will 

10 consist of power supplied through the internal combustion en- 
gine, power supplied through the rotor windings of the first 
electric machine as well as power supplied through the winding 
of the second electric machine, which gives many possibilities to 
combine these three components for obtaining an optimum op- 

15 eration of the device. The powers in said windings may in some 
operation cases be negative, i.e. energy is fed therefrom to said 
power source or energy source. Another advantage is that this 
device has a threefold redundancy by the possibility to electrical 
operation through the stator, electrical operation through the 

20 rotor windings and internal combustion engine operation, for 
example by interlocking the two rotors of the first electric 
machine. 

According to another preferred embodiment of the invention the 
25 device comprises an arrangement for interlocking pieces of the 
device movable with respect to each other or such pieces and a 
stationary frame with respect to rotation, and it also comprises 
a control arrangement adapted to control the locking ar- 
rangement to assume a position interlocking said pieces or re- 
30 leasing said pieces with respect to each other depending upon 
the operation condition of the device. Hereby one or both elec- 
tric machines or the internal combustion engine may be turned 
off when there is a need to do so and the drive device may still 
function and/or possibly negative consequences of turning one 
35 of the electric machines or the internal combustion engine off 
may be avoided. 
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According to another preferred embodiment of the invention 
constituting a further development of the embodiment just 
mentioned the locking arrangement comprises members adapted 
5 to enable interlocking of the output shaft of the internal com- 
bustion engine and said drive shaft, in which this preferably 
takes place by arranging the locking members to interlock said 
first and second rotor of the energy converter with respect to 
rotation. It will thereby be possible to drive the drive shaft only 
10 through the internal combustion engine when desired, but it is 
then also possible to have only the first electric machine turned 
off, but power is supplied to the drive shaft through the stator 
winding upon need. 

15 According to another preferred embodiment of the invention the 
control arrangement is adapted to make the position of said 
locking members dependent upon whether energy exchange 
between said rotor windings and the power source interacting 
therewith takes place and automatically interrupt the inter- 

20 locking upon establishing of an electric current between the 
power source and the rotor windings and activate the interlock- 
ing when such a current disappears. A passive operation secu- 
rity is hereby obtained by the fact that the internal combustion 
engine will be directly coupled to the drive shaft would the pos- 

25 sibility to energy supply through the power source to the rotor 
windings cease, which may take place in the case of a power 
source in the form of a battery and a converter arranged be- 
tween the battery and the rotor winding should the function of 
the converter disappear. 

30 

According to another preferred embodiment of the invention the 
locking arrangement comprises members adapted to enable a 
locking of the output shaft of the internal combustion engine 
with respect to rotation with respect to a stationary frame, and 
35 the control arrangement is adapted to control the locking 
members last mentioned to establish such a locking as long as 
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the internal combustion engine is turned off. The output shaft of 
the internal combustion engine may when this is turned off in 
this way be secured for managing for example a pure electrical 
operation case through the rotor windings in which the com- 
5 pression of the internal combustion engine would not be able to 
withstand the reaction torque from the load onto the drive 
shaft, such as in the vehicle case through the wheel axle when 
driving. 

10 According to another preferred embodiment of the invention the 
first and the second rotor are arranged substantially concentri- 
cally with the first one received in a space enclosed by the sec- 
ond one for generating substantially radially magnetic flux 
therebetween, the shaft of the second rotor is hollow and 

15 adapted to receive the shaft of the first rotor adapted to project 
through and out past the shaft of the second rotor, slip rings for 
transmitting electricity between said power source and the 
windings of the first rotor are arranged on the part of the shaft 
of the first rotor projecting out of the shaft of the second rotor 

20 opposite to said space, and the shaft of the first rotor is hollow 
for housing conductors for electrically connecting the slip rings 
to the windings of the first rotor. It will hereby inspite of the 
design of the electric machine as a so called radial machine with 
the rotor provided with windings surrounded by the second rotor 

25 with the advantages of such a machine from the power 
transmitting point of view be very simple to achieve connection 
of the windings of the first rotor to electricity. 

According to another preferred embodiment of the invention the 
30 second rotor of the first electric machine forms the rotor for the 
second electric machine, and the stator is arranged radially out- 
side the second rotor for acting thereupon through substantially 
radial magnetic flux. A so called double radial machine has a 
number of advantages, among which the following may be men- 
35 tioned: it has a compact design and may be housed within a 
conventional gearbox of a wheeled vehicle thanks to the short 
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15 



axial length. Bearings in the energy converter may be avoided if 
bearings of the internal combustion engine and an existing 
gearbox are utilized. Slip rings may be housed in the hub of the 
rotating winding if desired. The axial forces in the energy con- 
5 verter will be low. 

According to another preferred embodiment of the invention the 
second rotor of the first electric machine forms the rotor for the 
second electric machine, and the stator is adapted to co-operate 
10 with surfaces of the second rotor directed substantially axially in 
the direction of the axis of rotation of the second rotor through 
a substantially axially magnetic flow between the stator and this 
rotor. A so called radial axial machine with interalia the follow- 
ing advantages is hereby obtained. Since it is possible to use 
the first rotor provided with windings and connected to the out- 
put shaft of the internal combustion engine as flywheel in a hy- 
brid drive device of this type a better flywheel action is obtained 
for this design thanks to the possibility of a larger diameter of 
the first rotor. Another advantage is that the two magnetic cir- 
20 cuits are separated. The combination of radial and axial machine 
is interesting, since a requirement of operation without hitting 
the ground results in demands for a minimum diameter, while 
there is space in the axial direction. 

25 

According to another preferred embodiment of the invention, 
which constitutes a further development of the embodiment last 
mentioned, the stator and the second rotor are arranged to co- 
operate by transmitting power through magnetism through sub- 

30 stantially axial air gaps between surfaces thereof, and the num- 
ber of such axial air gaps is 2n, in which n is an integer > 1. A 
balancing of the axial forces created by each air gap and which 
will attract the rotor to the stator is hereby obtained, so that 
powerful axial bearings, which otherwise would be required for 

35 absorbing these axial forces, may be omitted. 
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According to another preferred embodiment of the invention the 
second rotor has a plurality of rotor discs separated axially and 
the stator has a plurality of stator pieces separated axially, and 
the stator pieces and the rotor discs are arranged alternatingly 
5 in the axial direction for transmitting power through magnetism 
therebetween. It will in this way be possible to obtain very high 
forces and thereby torques on the second rotor and thereby on 
the drive shaft through an addition of the forces from each cou- 
ple of surfaces of the stator piece and the rotor disc at the re- 
10 spective axial air gap. 

According to another preferred embodiment of the invention the 
stator is adapted to act upon surfaces of the second rotor di- 
rected substantially axially from the axially opposite direction to 

15 the influence of the first rotor on the second rotor through 
magnetic flux directed substantially axially. A so called double 
axial machine is hereby obtained, which interalia has the ad- 
vantage of making smaller air gaps possible, which leads to a 
higher possible torque for a given volume. Furthermore, the 

20 diameter of the fly wheel casing may be utilized to a maximum 
when the rotor provided with a winding is utilized as fly wheel, 
which gives a better fly wheel function. 

According to another preferred embodiment of the invention the 
25 second electric machine is a reluctance machine with poles 
magnetically imprinted on the rotor thereof for increasing the 
reactance between the stator and the rotor at the poles with re- 
spect to what is the case between these poles. The advantage 
with respect to a permanent magnet machine, i.e. the arrange- 
30 ment of permanent magnets on the rotor for co-operating with 
the windings of the stator instead, that the iron losses are 
eliminated when the second machine is disactivated is hereby 
obtained, i.e. when there is a desire to only drive the drive shaft 
through the internal combustion engine or it is selected to have 
35 an electrical operation with only the first machine activated. 
Such a machine has an even higher efficiency and the rotor 



BNSDOCID:<WO 0O34066A1J_> 



WO 00/34066 



PCT/SE99/02276 



10 



thereof gets a simple construction. Another advantage of a re- 
luctance machine with respect to a permanent magnet machine 
is that no rotor position detectors are needed in the reluctance 
machine case, since the rotor will all the time be adapted to the 
5 stator. 

According to a preferred embodiment of the invention, which 
constitutes a further development of the embodiment last men- 
tioned, the device comprises means for increasing the relation- 

10 ship between the reactance for a magnetic flux through the 
stator, to a pole of the rotor being magnetically imprinted and 
back to the stator through an adjacent pole of the rotor being 
magnetically imprinted with respect to the reactance for a mag- 
netic flux through the stator, to a portion between poles of the 

15 rotor being magnetically imprinted and then back to the stator, 
by which the torque possible to apply on the rotor and thereby 
the drive shaft through the stator windings may be increased. 

According to another preferred embodiment of the invention 
20 said means are formed by pieces of a material arranged to 
function as a barrier for magnetic flux laid in the rotor substan- 
tially at the location or the portions between two adjacent poles 
being magnetically imprinted so as to reduce the reactance for 
magnetic flux between the stator and the rotor through said 
25 portions. The torque possible to transfer to the rotor of the sec- 
ond machine is by this efficiently increased. 

According to another preferred embodiment of the invention the 
second rotor has permanent magnets on the opposite side 

30 thereof to the poles magnetically imprinted for co-operation 
with the windings of the first rotor, and the magnetic imprint on 
one side of the rotor and the arrangement on the permanent 
magnets on the opposite side thereof are adapted to each other 
in such a way that the magnetic flux through the rotor deriving 

35 on one hand from the permanent magnets and on the other from 
the reluctance machine, run in substantially opposite directions 
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and mainly cancelling each other out. The thickness of the sec- 
ond rotor may hereby be minimized and so costs are saved, 
since it is only necessary to consider one machine with respect 
to the saturation in the iron. 

5 

According to another preferred embodiment of the invention the 
first rotor is arranged on an input shaft of the energy converter 
on the internal combustion engine side, and it comprises mem- 
bers adapted to establish an electric connection between the 

10 windings of the first rotor and the power source in parallel with 
a connection thereof through brushes bearing on slip rings when 
the output shaft of the internal combustion engine rests. It is 
hereby ensured that the brushes are not destroyed when the 
internal combustion engine is not moving, since otherwise cir- 

15 culating currents and brush voltage drop would burn the 
brushes and/or slip rings when the brushes and slip rings are 
resting against each other and the device is driven in electric 
operation. 

20 According to another preferred embodiment of the invention 
said power source is a direct current source, such as an electric 
battery, and this is connected to said windings through a con- 
verter. Energy exchange may hereby easily take place in a de- 
sired way between the windings and the power source and the 

25 frequency of an alternating voltage fed to the windings may be 
varied according to the desire. 

According to another preferred embodiment of the invention 
said unit is a gear having a variable gear change connected to 

30 one of the rotors of the energy converter, and this gear and an 
arrangement for controlling the energy exchange between the 
power source and the rotor provided with windings are arranged 
to co-operate. An increase of the torque of the drive shaft is for 
example hereby obtained by a gear reduction of said gear, 

35 which would normally result in a lower number of revolutions of 
the drive shaft without any change of the number of revolutions 
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of the output shaft of the internal combustion engine, but for 
compensating this the first electric machine is then controlled to 
increase the number of revolutions, so that the number of 
revolutions of the drive shaft is maintained without changing 
5 the number of revolutions of the output shaft of the internal 
combustion engine. 

The invention also relates to different embodiments of the de- 
vice having different properties of the regulating arrangement 
10 defined in the appended dependent claims with advantages be- 
ing particularly accentuated when using the hybrid drive device 
in a wheeled vehicle, and these "operation modes" will be de- 
scribed in the detailed description of preferred embodiments of 
the invention. 

15 

The invention also relates to a vehicle such as a wheeled ve- 
hicle, a railway vehicle and a ship, equipped with a hybrid drive 
device according to any of the appended claims directed to such 
a device. The advantages of utilizing such a device in particular 
20 in wheeled vehicles appear from the discussion above and the 
following description. 

Further advantages as well as advantageous features of the in- 
vention appear from the other dependent claims and the fol- 
25 lowing description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

With respect to the appended drawings, below follows a de- 
30 scription of preferred embodiments of the invention only cited 
as examples. In the drawings: 

Fig 1 is a simplified view of a hybrid drive device according to a 
first preferred embodiment of the invention, 

35 
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Fig 2 is a somewhat more detailed view of the device according 
to Fig 1, 

Fig 3 is a view corresponding to Fig 2 of the device according to 
5 Fig 1 in a somewhat modified construction with respect to Fig 2, 

Fig 4 is a very schematical view illustrating a section through 
the energy converter of the device according to Fig 1, 

10 Fig 5 is a power flow diagram for different operation modes of a 
hybrid drive device of the type according to the invention, 

Fig 6 is a radial section through the energy converter of a hy- 
brid drive device according to a second preferred embodiment 
15 of the invention with a second machine of the energy converter 
in the form of a synchronous reluctance machine, 

Fig 7 is a detailed view of a part of the rotor of the synchronous 
reluctance machine according to Fig 6 in a particular embodi- 
20 ment, 

Fig 8 is a view corresponding to Fig 7 with a different design of 
the rotor, 

25 Fig 9 is a view corresponding to Fig 7 illustrating the magnetic 
flux path in the rotor being the same to both electric machines 
of the energy converter according to Fig 6, 

Fig 10 is a view corresponding to Fig 2 of the energy converter 
30 of a hybrid drive device according to a second preferred em- 
bodiment of the invention, 

Fig 11 is a view corresponding to Fig 10 of the energy converter 
of a hybrid drive device according to a third preferred embodi- 
35 ment of the invention, 
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Fig 12 is a view corresponding to Fig 2 of a hybrid drive device 
according to a fourth preferred embodiment of the invention, 

Fig 13 is a view corresponding to Fig 2 of a hybrid drive device 
5 according to a fifth preferred embodiment of the invention, 

Fig 14 is a simplified view corresponding to Fig 2 of the energy 
converter of a hybrid drive device according to a sixth preferred 
embodiment of the invention, 

10 

Fig 15 illustrates a part of a rotor disc of the device according 
to Fig 14, 

Fig 16 illustrates a part of the stator of the device according to 
15 Fig 14, and 

Fig 17 is a view corresponding to Fig 1 of a hybrid drive device 
according to a sixth preferred embodiment of the invention. 

20 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE 
INVENTION 

The principle of the hybrid drive device according to the inven- 
tion and how a preferred embodiment of the invention may be 

25 constructed is schematically illustrated in Fig 1. The device 
comprises an internal combustion engine 1 having an output 
shaft 2, which forms an input shaft of an energy converter 3, 
which in its turn comprises two electric machines, namely a first 
electric machine formed by a first rotor 4 connected to said out- 

30 put shaft 2 and a second rotor 5 surrounding this and a second 
electric machine formed by the second rotor 5 and the stator 6 
surrounding the latter. The two parts of the respective electric 
machine are arranged to co-operate by transmitting power 
through magnetism with each other. For achieving this the first 

35 rotor 4 and the stator are provided with windings, and the de- 
vice comprises a power source in the form of an electric battery 



WO 00/34066 



PCT/SE99/02276 



15 



7, which is connected to said windings through a converter 8, 9 
each for converting the direct voltage from the battery into an 
alternating voltage of the windings or when feeding energy in 
the opposite direction a conversion of alternating voltage into 
5 direct voltage. Energy may also be fed between the converters. 
Furthermore, the second rotor 5 has permanent magnets ar- 
ranged internally for co-operation with opposite rotor windings 
and on the outer side also permanent magnets for co-operation 
with stator windings. The converters may then for example be 
10 arranged to generate a three-phase voltage on said windings, 
but another phase number is also possible. 

The second rotor 5 is connected to a drive shaft 10 out from the 
energy converter, which in an embodiment according to Fig 2 

15 may receive a reduction of the number of revolutions in a re- 
duction gear 11 and through this transfer the rotation torque 
thereof to the wheel axle 12 of a wheeled vehicle 13 schemati- 
cally indicated, such as a passenger car, a lorry or the like. 
However, a gear 11 may instead, as shown in Fig 1, be arranged 

20 between the output shaft of the internal combustion engine and 
the first rotor, in which this gear normally has the task to 
change up the number of revolutions of the internal combustion 
engine for reducing the difference in number of revolutions 
between the rotors. The gear 11 will in the normal case be lo- 

25 cated "after" the rotors, as shown in Fig 2, but the gear has in 
Fig 1 been shown "before" the rotors for illustrating this possi- 
bility as well. 

The device comprises also a regulating arrangement 14 sche- 
30 matically indicated and adapted to co-ordinate the control of 
energy flux to or from the internal combustion engine and the 
two electric machines. 

The function of this hybrid drive device and the advantages 
35 thereof will be described further below. 
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It is illustrated a little bit more in detail in Fig 2 what the hybrid 
drive device operating according to the principle shown in Fig 1 
may look like according to a first preferred embodiment of the 
invention, and the windings 15 and 16 of the first rotor and the 
5 stator, respectively, as well as the outer permanent magnets 17 
and 18, respectively, arranged on the second rotor appear. It is 
here shown how slip rings 19 are arranged on the shaft of the 
first rotor inside the space delimited by the first rotor for 
electrically connect the battery to the windings of the first rotor. 

10 This is done in a conventional way through brushes 40 bearing 
against the slip rings, which may be lifted away from contact 
with the slip rings through members 39 (see Fig 3). Members 41 
schematically indicated are arranged to establish a metallic 
contact between the windings of the first rotor and the power 

15 source upon such lifting away. For making the energy converter 
compact it may be an advantage to arrange the slip rings in said 
space, but it may also be advantageous to instead arrange them 
in the way shown in Fig 3 for having them more accessible. 

20 In the embodiment according to Fig 3 the shaft of the second 
rotor, i.e. the drive shaft 10, is made hollow and arranged to 
receive the shaft of the first rotor, i.e. the output shaft 2 of the 
internal combustion engine, adapted to project through and out 
past the shaft of the second rotor. The slip rings 19 are here 

25 arranged on the part of the shaft of the first rotor projecting 
out of the shaft of the second rotor for being easily accessible, 
while also the shaft of the first rotor is made hollow for accom- 
modating conductors 20 for electrically connecting the slip rings 
to the windings 15 of the first rotor. 

30 

By means of Fig 4 the connection between power flux and tor- 
ques transferred in dependence of the numbers of revolutions of 
the internal combustion engine, i.e. the first rotor, and the drive 
shaft, i.e. the second rotor, of the hybrid drive device according 
35 to the invention will now be explained. For the power P 4 trans- 
ferred to the drive shaft it is valid that it is Pi + P 2 + P3, in 
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which Pi, P 2 and P 3 are power supplied through the internal 
combustion engine, the windings of the first rotor and the 
windings of the stator, respectively. The following is valid for 
these: 

5 

P-i= kl - ! x n, 
P 2 = kT, x (n 2 - nO 
P3 = kT 3 x n 2 

10 In which k is 271/6O, while T, is the torque transferred through 
the output shaft of the internal combustion engine and T 3 is the 
torque transferred to the second rotor through the stator wind- 
ing, n-t and n 2 are the numbers of revolutions of the first notor 
and the second rotor, respectively. 

15 

Accordingly, for the torque T 4 on the drive shaft this will be T, + 

The power flow in dependence upon different relationships of 
20 the numbers of revolutions between the output shaft of the inter- 
nal combustion engine and the drive shaft n 2 at different rela- 
tionships between the powers P, and P 4 are shown in Fig 5. 

The straight arrows 21 show the power flow from the internal 
25 combustion engine to the drive shaft, while the "U-arrows" 22 
show the power flow between the battery and the first machine 
and the arrows 23 the power flow between the stator winding 
and the battery. It appears for example how in the case of n 2 > 
n-i and P 4 = P t the rotor windings are fed through the arrow 22'. 
30 In the case of n 2 = ni and P 4 > Pi electrical energy is supplied to 
the drive shaft through the stator windings according to the ar- 
row 23', while at the same relationship of number of revolutions 
and P 4 < Pi energy is fed in the opposite direction to the battery 
as indicated through the arrow 23". 

35 
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A preferred embodiment of the energy converter of a hybrid 
drive device according to the invention is illustrated in Fig 6, in 
which the second electric machine is a synchronous reluctance 
machine by the fact that the second rotor 5 connected to the 
5 drive shaft on the outer side thereof has poles 24 being mag- 
netically imprinted for increasing the reactance between the 
stator 6 and the rotor at the poles with respect to that prevailing 
between these poles by a shorter air gap there, so that a current 
in the stator windings will cause a magnetic flux resulting 

10 thereof to try to close through the iron of the rotor in the easiest 
possible way, i.e. where the air gap between the rotor and the 
stator is the smallest, and if the pole makes an angle with re- 
spect to the magnetic flux a torque is generated on the rotor, 
which tries to turn the pole to be aligned with respect to the 

15 magnetic flux. This constitutes conventional technique for syn- 
chronous reluctance machines. The main advantage of using a 
synchronous reluctance machine instead of a permanent magnet 
machine as second electric machine is that the iron losses are 
eliminated when the second electric machine is disactivated. 

20 However, in the case of a permanent magnetic machine the 
stator winding 16 could be designed as a winding arranged in an 
air gap, such as a ring winding instead of a drum winding. By 
removing the "teeth" 38 flow pulsations and thereby heat gen- 
eration is avoided. 

25 

It is shown in Fig 7 how pieces 25 of a material, which may be 
air, is arranged to function as a barrier for magnetic flux for re- 
ducing the reactance for magnetic flux going between the stator 
and the rotor through portions in the rotor between two adja- 

30 cent poles magnetically imprinted, are inserted in the rotor. The 
reactance for a magnetic flux through the stator, to a pole of 
the rotor magnetically imprinted and back to the stator through 
an adjacent pole of the rotor magnetically imprinted with re- 
spect to the reactance for a magnetic flux through the stator, to 

35 a portion between the poles of the rotor magnetically imprinted 
and then back to the stator, may hereby be increased and the 
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possibilities to a torque addition through the second electric 
machine may be improved. It is here also illustrated that the 
space between adjacent poles is filled with a material 26 with a 
low permeability for receiving an outer even surface on the ro- 
5 tor, and it is by this shown that poles magnetically imprinted 
does not have to mean poles physically imprinted. 

Furthermore, Fig 8 shows another possibility to obtain a high 
relationship between said reactance's for a possibility to a good 

10 transfer of torques, which is based on the fact that the rotor 
comprises a plurality of material layers 27 superposed in the 
direction towards the stator, i.e. the rotor is axially laminated. 
Massive or laminated poles are here inserted so as to guide the 
flux to the inner layers. It is also possible to construct the rotor 

15 of an anisotrophe material, for example a powder, which has a 
high permeability in the pole direction and in the tangential di- 
rection of the rotor and a low permeability perpendicularly to 
these directions for obtaining a high such relationship. Thus, the 
permeability is then high in the directions indicated by the ar- 

20 rows 28 and low in the directions indicated by the arrows 2.9 in 
Fig 9. 

It is shown in Fig 9 how the arrangement of permanent magnets 
17 on the inner side of the second rotor is co-ordinated with the 

25 design of the magnetical imprinting on the outer side of the 
rotor, more exactly by arranging permanent magnets substan- 
tially straight in front of the poles magnetically imprinted, so 
that magnet flux through the rotor deriving on one hand from 
the permanent magnets and on the other from the reluctance 

30 machine run in substantially the same direction and to a 
substantial part cancel each other out, so that the thickness of 
the rotor may be made smaller, since it is only necessary to 
consider one machine with respect to the saturation of the iron. 
Accordingly, it may be said that the magnetic circuit is 

35 connected to both the stator and the two rotors. 
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An embodiment of the energy converter according to the inven- 
tion in the form of a so called double axial machine is shown in 
Fig 10, i.e. the stator 6 is adapted to act through the winding 
16 thereof on surfaces directed substantially axially, i.e. perma- 
5 nent magnets 18 of the second rotor 5, from an axially opposite 
direction to the influence of the first rotor 4 upon the second 
rotor through magnetic flux directed substantially axially and 
emanating from the rotor windings 15. The advantages of such 
a machine have been disclosed further above. 

10 

A further variant of the energy converter in the form of a so 
called radial axial machine is shown in Fig 11, which differs from 
the energy converter shown in Fig 2 by the fact that the stator 
6 is arranged in the direction of the axis of rotation of the ro- 

15 tors substantially after the second rotor 5 so as to co-operate 
with surfaces of the second rotor directed substantially axially in 
the direction of the axis of rotation of the second rotor, in which 
these surfaces are provided with permanent magnets 18, 
through a substantially axially magnetic flux between the stator 

20 and this rotor. The advantages of such an embodiment have 
also been discussed further above. 

A hybrid drive device according to an embodiment is shown in 
Fig 12, which, as the embodiment according to Fig 11, has an 

25 energy converter comprising a so called radial-axial-machine, 
but in this the second rotor has two rotor discs 42, 43, which 
are arranged at an axial distance. The stator 6 is arranged be- 
tween these rotor discs, and this is formed by a toroid core 44 
in the form of sheet band wound as a tape role and a winding 

30 45 laid therearound, for example a three phase winding. This 
machine may be said to be of toroid type. The stator has an 
axial air gap 46, 47 to the respective rotor disc for transmitting 
power through magnetism there through flux directed substan- 
tially axially. By arranging two such air gaps a balancing of axial 

35 forces on the rotor takes place and costly axial bearings are 
therefore not necessary. The combination of radial and axial 
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machine is interesting, since a requirement of operation without 
hitting the ground leads to a requirement of a minimum diame- 
ter, while there is space in the axial direction. It is then advan- 
tageous to make the diameter of the first electric machine as 
5 large as possible for obtaining a highest possible torque. 

The embodiment of the hybrid drive device shown in Fig 13 dif- 
fers from the one according to Fig 12 mainly by the use of a 
planetary gearing 11 instead of reducing the number of revolu- 

10 tions of the shaft 10 of the second rotor to the wheel axle. A 
planetary gear may be interesting in installations having an en- 
gine extending in the longitudinal direction (for example smaller 
lorries), while passenger cars normally have an engine extend- 
ing transversely, and there is then a need for "laterally displace" 

15 drive shafts out to the wheels, so that the gear alternative ac- 
cording to Fig 12 is preferred. 

A hybrid drive device according to an embodiment of the inven- 
tion is illustrated in Fig 14 and which has large similarities to 

20 the embodiments shown in Figs 12 and 13 as far as the energy 
converter comprises a so called radial-axial-machine and the 
second rotor has in this two rotor discs 49, 50, which are ar- 
ranged on an axial distance and rigidly connected with respect 
to each other through the output shaft 10. This rotor co-oper- 

25 ates also with the first rotor 4 through permanent magnets 15, 
but the first rotor 4 is here unlike the embodiments according to 
Figs 12 and 13 provided with a magnetizing winding 51 instead 
of permanent magnets. 

30 Also in this embodiment a stator 6 is arranged between the two 
rotor discs of the second rotor and this is formed by a toroid 
core 44 in the form of sheet band wound like a tape role and a 
winding 45 laid therearound, for example a three phase wind- 
ing, in a way to be explained further below with reference to Fig 

35 16. Thus, this machine may be said to be of toroid type. The 
stator has an axial air gap 46, 47 to the respective rotor disc for 
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transmitting power through magnetism there through flux di- 
rected substantially axially. By arranging two such air gaps a 
balancing of axial forces upon the rotor takes place and no 
costly axial bearings are therefore required. 

5 

A considerable difference between this embodiment and the one 
according to Figs 12 and 13 is that the second electric machine 
is an axial synchronous reluctance machine by the fact that the 
rotor discs do not have any permanent magnets but instead 
10 have poles magnetically imprinted in a similar way to the one 
illustrated in and described with reference to Figs 6-9. How this 
is achieved in the practice is illustrated in Fig 15. A part of the 
sheet wound in a plurality of layers superposed to each other 
for forming the respective rotor disc is shown there. Openings 

15 53 in the form of slots with a substantially V-shape are punched 
out in the sheet band 52. The tip of the V's points substantially 
in axial direction. Poles 54 are in this way imprinted between 
each set 55 of a plurality of such openings with V-shape re- 
ceived in each other as illustrated in Fig 15. The air openings 53 

20 of a substantially V-shape will namely form pieces with a lower 
reactance than the sheet border portion between subsequent 
sets 55, so that there at 54 a pole magnetically imprinted hav- 
ing a higher reactance is formed. The magnet flux formed 
through a current in the windings of the stator 6 will accordingly 

25 mean that the magnetic flux resulting thereof will try to be 
closed through the rotor in the easiest possible way, i.e. where 
the reactance is the highest. 

It is illustrated in Fig 16 how the stator is formed in the em- 
30 bodiment according to Fig 14, more exactly with slots 56 run- 
ning substantially transversely to the longitudinal extension of 
the toroid core 44 around the toroid core and adapted to re- 
ceive the winding 45 arranged around the toroid core substan- 
tially entirely within the slots. For ensuring this cover members 
35 57, so called slot wedges, in the form of small lids are arranged 
to cover the winding of each slot and preventing magnetic 
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forces from drawing any part of the winding out of any slot. An 
advantage of this embodiment of the invention is that the pat- 
tern punched out in the sheet strip forming the rotor results in a 
very high relationship between the reactance of the pole 54 and 
5 the reactance between the poles. An advantage of this embodi- 
ment with respect to the one according to Fig 12 is that the 
second electric machine, i.e. the axial synchronous reluctance 
machine, will get a high temperature resistance, i.e. will with- 
stand high temperatures very well, thanks to the lack of perma- 
10 nent magnets. Furthermore, it will be less costly since no per- 
manent magnets are needed. Of course the other slots have 
also a winding received therein, although such a winding is only 
shown in one slot for the sake of simplicity. 

15 A hybrid drive device being modified with respect to the em- 
bodiments discussed above is illustrated in Fig 17, and this has 
no second electric machine, but is instead provided with a gear 
30 with a variable gear change, for example a gear with a con- 
tinuous variable gear change, a so called CVT (continuous vari- 

20 able transmission), which is connected to the shaft of the sec- 
ond rotor of the electric machine. An arrangement 31 for con- 
trolling the energy exchange between the battery 7 and the ro- 
tor windings of the first rotor is arranged to co-operate with the 
gear 30, so that it will be possible to change the torque of the 

25 drive shaft 10 without for that sake change the number of 
revolutions or the torque of the output shaft of the internal 
combustion engine in a way described above. 

By arranging the gear 30 and the second electric machine, re- 
30 spectively, of the hybrid drive device according to the invention 
it will be possible to let the internal combustion engine in de- 
termined situations operate at a number of revolutions and a 
torque being an optimum with respect to the efficiency and the 
emission of exhaust gases independently of the torque required 
35 by the drive shaft 10. This optimum number of revolutions and 
torque is determined by the characteristic of the internal com- 
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bustion engine, which may be obtained through engine tests at 
different loads on the engine. 

The hybrid drive device also comprises a locking arrangement 
5 32 schematically indicated in Fig 3 for interlocking parts of the 
device movable with respect to each other or such parts and a 
stationary frame with respect to rotation, and this locking ar- 
rangement comprises members schematically indicated for ena- 
bling interlocking of the output shaft from the internal combus- 
10 tion engine and the drive shaft. A wheeled vehicle may then for 
example be driven only through the internal combustion engine. 
A control arrangement 34 is then arranged to make the position 
of the locking member 33 dependent upon whether an energy 
exchange between the windings of the first rotor and the power 
15 source interacting therewith takes place or not and automati- 
cally interrupt the interlocking when establishing an electric 
current between the power source and the rotor windings and 
activate the interlocking when such a current disappears. This 
may be obtained by arranging members 35 to detect a current 
20 in the rotor windings and control the locking members depend- 
ing upon this detection. Furthermore, the locking arrangement 
comprises members 36 schematically indicated and adapted to 
enable a locking of the output shaft of the internal combustion 
engine with respect to the stationary frame 37, such as a vehi- 
25 cle chassis, with respect to rotation and the control arrange- 
ment 34 is adapted to control the locking members 36 to estab- 
lish such a locking as long as the internal combustion engine is 
turned off. It is hereby avoided that when the internal combus- 
tion engine is turned off, i.e. when driving under electrical op- 
30 eration, the reaction torque from the driving pushes the internal 
combustion engine back. It would be completely possible to co- 
ordinate the function of the two members 33 and 36 by one 
single member able to assume three positions, namely a first 
resulting in a total release of movable parts, a second resulting 
35 in a securing of the output shaft of the internal combustion 
engine with respect to the frame, and a third resulting in a rigid 
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connection with respect to rotation of the two rotors with 
respect to each other. 

It is understood that many different operation modes of the hy- 
5 brid drive device according to the invention being advantageous 
at different load situations are offered, some of which may be 
mentioned here. 

When driving with a so called "cruise control", i.e. with a con- 
10 stant speed when driving on a highway, the regulating arrange- 
ment may ensure that said locking members connect the output 
shaft of the internal combustion engine with the drive shaft and 
the wheel axle is on an even ground driven substantially only by 
the internal combustion engine, and electrical energy is supplied 
15 to the stator when suddenly driving uphill for giving a torque 
addition to the drive shaft and enable a constant speed there 
without changing the number of revolutions or the torque of the 
internal combustion engine. 

20 The regulating arrangement may also be arranged to control 
supply of electric energy to the rotor windings of the first ma- 
chine for driving the rotor connected to the output shaft of the 
internal combustion engine around for starting the internal 
combustion engine. It may also, at disconnection of the drive 

25 shaft from outer load (idle) and running the internal combustion 
engine, be adapted to guide electric energy generated in the 
rotor windings of the first machine through a relative movement 
of the first and second rotor generated through rotation of the 
output shaft of the internal combustion engine to the battery for 

30 charging thereof. 

The regulating arrangement is also, at a low outer load on the 
drive shaft, adapted to guide a part of the energy supplied to 
the energy converter through the output shaft of the internal 
35 combustion engine as electrical energy from the rotor windings 
and the stator windings to the battery for charging thereof. At a 
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high outer load on the drive shaft the regulating arrangement 
guides electrical energy from the battery to the rotor windings 
as well as to the stator windings for energy supply to the drive 
shaft. 

5 

The regulating arrangement is also adapted to control a member 
48 schematically indicated in Fig 1 to interrupt the supply of 
fuel to the internal combustion engine and the electric ma- 
chine/the electric machines to feed kinetic energy of the drive 
10 shaft to the power source when braking the drive shaft. For 
maintaining the number of revolutions it is then possible to feed 
power to the shaft of the internal combustion engine, i.e. the 
same power direction as when starting the internal combustion 
engine. It may then be chosen to exactly maintain the number 

15 of revolutions or to feed extra power in and then obtain a me- 
chanical engine braking exactly as for a normal car. The primary 
advantage of this is that fuel is saved during all brakings. A 
maximum space for storing brake energy is at the same time 
created in the power source, such as a battery, since the inter- 

20 nal combustion engine does not "steel any space" by feeding 
power out. Another advantage is that it is possible to obtain an 
improved generative power ability without using extra electric 
resistors for dumping energy therein, since the cooling system 
of the engine is used as power dump, and there is normally a 

25 good over-capacity therein. Furthermore, it is easier to obtain 
an unambiguous behaviour in regenerative braking, since the 
braking ability will not be associated with the degree of charg- 
ing of the battery, which is normally a problem. 

30 The regulating arrangement is also, when the internal combus- 
tion engine is running and load is applied on said drive shaft, 
arranged to be able to obtain regenerative braking thereof 
through energy supply from said windings to the battery. By 
supplying electrical energy to the windings of the rotor in such a 

35 way that the second rotor at a given direction of rotation of the 
output shaft of the internal combustion engine is influenced 
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thereby to rotate in the opposite direction than normally the 
regulating arrangement may obtain a reverse of the direction of 
rotation of the drive shaft, so that in this way reversing of a 
wheeled vehicle may take place without using any real reverse 
5 gear. 

The invention is of course not in any way restricted to the pre- 
ferred embodiments described above, but many possibilities to 
modifications thereof will be apparent to a man skilled in the art 
10 without departing from the basic idea of the invention as de- 
fined in the appended claims. 

It would for example be possible to use an asynchronous motor 
as said second electric machine. The power sources for the two 

15 electric machines could be completely different than those dis- 
cussed above, and it would also be possible to have a separate 
power source for each electric machine. The power source may 
then be an energy-storing member in the form of a flywheel. 
Neither is it necessary to have a converter, but it would be 

20 completely possible to interconnect alternating voltage systems 
having different frequencies. Thus, it is well possible to use an 
alternating voltage source as energy buffer or energy or power 
source, in which this could even be a "wall socket" connected to 
the general electric network or any industrial network. 

25 

It would for example be possible to provide the second rotor 
with windings and not have any windings on the stator, and in- 
stead provide the latter with permanent magnets, a magnetic 
winding or designing it as a reluctance machine, but in such a 
30 case it will be necessary to have slip rings for both rotors. 

It is pointed out that regeneration may take place at pure elec- 
trical operation and in hybrid operation. 

35 The reluctance machine does not have to be a synchronous re- 
luctance machine, but it could very well be a so called switched 
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reluctance machine, which is fed with a square-wave like cur- 
rent and has imprinted pools also in the stator, in which the 
numbers of pools in the stator and the rotor are normally differ- 
ent. 

5 

It is pointed out that a direct voltage may very well be present 
in the rotor winding instead of an alternating voltage, but in 
such a case it has to exist an alternating voltage in the winding 
of the second rotor, and the definition in claim 1 "to exchange 
10 electrical energy with said windings through alternating voltage 
in said windings" is intended to comprise also that case. 
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Claims 

1. A hybrid drive device comprising an internal combustion en- 
gine (1), an energy converter (3) adapted to co-operate with an 
5 output shaft (2) of the internal combustion engine and which 
comprises at least one electric machine having a first (4) and a 
second (5) rotor, which are adapted to co-operate with each 
other by transmitting power through magnetism and may rotate 
with different number of revolutions, at least one of which being 

10 provided with one or a plurality of windings (15), and a power 
source (7) adapted to exchange electrical energy with said 
windings through an alternating voltage in said windings for a 
co-operation of the rotors by transmitting power through 
magnetism, characterized in that the energy converter 

15 comprises a unit (5, 6, 30) adapted to be able to influence the 
torque of a drive shaft (10) out from the energy converter 
without changing the number of revolutions of this shaft or 
changing the number of revolutions of the output shaft of the 
internal combustion engine, and that the device comprises a 
20 regulating arrangement (14) adapted to co-ordinate control of 
energy flows to and from the internal combustion engine, the 
electric machine and said unit. 

2. A device according to claim 1, characterized in that said 
25 unit comprises a second electric machine having at least a rotor 
(5) connected to said drive shaft (10) and a stator (6), that at 
least one of the stator and the rotor of the second electric ma- 
chine is provided with windings and that the power source (7) is 
adapted to exchange electrical energy with the windings (16) 
30 last mentioned through an alternating voltage in said windings 
for co-operation of the rotor and the stator of the second 
machine by transmitting power through magnetism and thereby 
of the stator and said drive shaft out from the energy converter. 
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3. A device according to claim 2, characterized in that the 
stator (6) is provided with said windings (16) arranged for ex- 
changing electrical energy with the power source (7). 

5 4. A device according to any of claims 1-3, characterized in 
that it comprises an arrangement (32) for interlocking pieces of 
the device movable with respect to each other or such pieces 
and a stationary frame (37) with respect to rotation, and that it 
also comprises a control arrangement (34) adapted to control 
10 the locking arrangement to assume a position interlocking said 
pieces or releasing said pieces with respect to each other de- 
pending upon the operation condition of the device. 

5. A device according to claim 4, characterized in that the 
15 locking arrangement comprises members (33) adapted to enable 

interlocking of the output shaft (2) from the internal combustion 
engine and said drive shaft (10). 

6. A device according to claim 5, characterized in that said 
20 locking members (33) are adapted to be able to interlock said 

first (4) and second (5) rotor of the energy converter with re- 
spect to rotation so as to interlock the output shaft of the inter- 
nal combustion engine and the drive shaft in that way. 

25 7. A device according to claim 6, characterized in that the 
control arrangement (34) is adapted to make the position of 
said locking members dependent upon whether energy exchange 
between said rotor windings and the power source interacting 
therewith takes place and automatically interrupt the inter- 

30 locking upon establishing of an electric current between the 
power source and the rotor windings and activate the interlock- 
ing when such a current disappears. 

8. A device according to claim 7, characterized in that the 
35 control arrangement comprises members (35) adapted to detect 
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a current in the windings of the rotor and control the locking 
members in dependence upon this detection. 

9. A device according to claim 2 or 3 and any of claims 4-8, 
5 characterized in that the control arrangement is adapted to 

control the locking arrangement (34) to realize said interlocking 
in an operation case of the device in which there is a desire to 
drive the drive shaft only through the internal combustion 
engine with assistance of the second electric machine when 
10 there is a need for an additional torque on the drive shaft. 

10. A device according to any of claims 4-8, characterized in 
that the locking arrangement comprises members (36) adapted 
to enable a locking of the output shaft (2) of the internal com- 

15 bustion engine with respect to rotation with respect to a sta- 
tionary frame (37), and that the control arrangement is adapted 
to control the locking members last mentioned to establish such 
a locking as long as the internal combustion engine is turned 
off. 

20 

11. A device according to any of claims 1-10, characterized \u 
that the first (4) and the second (5) rotor are substantially con- 
centrically arranged with the first one received in a space en- 
closed by the second one for generating substantially radially 

25 magnetic flux therebetween. 

12. A device according to claim 11, characterized \x\ that the 
first rotor (4) is provided with windings (15), that slip rings (19) 
are arranged on a shaft (2) of the first rotor inside a space de- 

30 limited by the first rotor for electrically connecting said power 
source (7) to the windings of the first rotor. 

13. A device according to claim 11, characterized in that the 
first rotor (4) is provided with windings, that the shaft (10) of 

35 the second rotor (5) is hollow and adapted to receive the shaft 
(2) of the first rotor adapted to project through and out past 
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the shaft of the second rotor, that slip rings (19) for transmit- 
ting electricity between said power source (7) and the windings 
of the first rotor are arranged on the part of the shaft of the 
first rotor projecting out of the shaft of the second rotor oppo- 
5 site to said space, and that the shaft of the first rotor is hollow 
for housing conductors (20) for electrically connecting the slip 
rings to the windings of the first rotor. 

14. A device according to any of claims 1-10, characterized \r\ 
10 that the first (4) and the second (5) rotor are arranged with 

their axes of rotation substantially coinciding with each other 
and with surfaces for co-operating by transmitting power 
through magnetism directed substantially in the direction of said 
axes of rotation for substantially axial magnetic flux between 
15 the two rotors. 

15. A device according to claim 14, characterized in that at 
least one of the rotors has a plurality of rotor discs (42, 43) 
with surfaces for co-operating with surfaces of the other rotor 

20 directed substantially in the direction of said axes of rotation by 
transmitting power through magnetism, so that several couples 
of surfaces co-operates by transmitting power with an axial air 
gap (46, 47) therebetween. 

25 16. A device according to claim 15, characterized in that the 
number of said axial air gaps is 2n, in which n is an integer > 1. 

17. A device according to claim 2 and possibly any of claims 4- 

16. characterized in that one of the rotors of the first electric 
30 machine also forms the rotor (5) of the second electric machine. 

18. A device according to claim 17 and any of claims 11-13, 
characterized in that the second rotor (5) of the first electric 
machine forms the rotor for the second electric machine, and 

35 that the stator (6) is arranged radially outside the second 
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rotor for acting thereupon through substantially radial magnetic 
flux. 

19. A device according to claim 3 and any of claims 11-13, 
5 characterized in that the second rotor (5) of the first electric 

machine forms the rotor for the second electric machine, and 
that the stator (6) is arranged to co-operate with surfaces of 
the second rotor directed substantially axially with respect to 
the axis of rotation of the second rotor through a substantially 
10 axial magnetic flux between the stator and this rotor. 

20. A device according to claim 19, characterized in that the 
stator (6) and the second rotor (5) are adapted to co-operate,; by 
transmitting power through magnetism through substantially 

15 axial air gaps (46, 47) between surfaces thereof, and that the 
number of such axial air gaps is 2n, in which n is an integer > 1. 

21. A device according to claim 20, characterized in that the 
second rotor (5) has a plurality of rotor discs (42, 43) separated 

20 axially and the stator has a plurality of stator pieces separated 
axially, and that the stator pieces and the rotor discs are ar- 
ranged alternatingly in the axial direction for transmitting power 
through magnetism therebetween. 

25 22. A device according to claim 20 or 21, characterized r in that 
the stator (6) comprises a toroid core (44) with a centre axis 
substantially coinciding with the axis of rotation of the second 
rotor (5), and that a winding (45) is arranged around the core 
and adapted to co-operate by transmitting power through mag- 

30 netism with rotor discs of the second rotor arranged axially on 
both sides thereof. 

23. A device according to claim 22, characterized in that the 
toroid core (44) of the stator is provided with slots (56) running 
35 around the toroid core substantially transversely to the 
longitudinal direction thereof and adapted to receive the wind- 



BNSDOCID: <WO 0034066A1_I_> 



WO 00/34066 PCT/SE99/02276 

34 



ing arranged around the toroid core substantially entirely within 
the slots. 

24. A device according to claim 23, characterized in that the 
5 stator (6) is provided with members (57) adapted to cover the 

winding (45) of each slot and prevent magnetic forces from 
drawing any part of the winding out of any slot. 

25. A device according to any of the preceding claims, charac- 
10 terized 'in that the second rotor (5) is provided with permanent 

magnets for said transmittance of power through magnetism. 

26. A device according to claims 2 and 14, characterized in 
that the stator (6) is adapted to act upon surfaces of the second 

15 rotor (5) directed substantially axially from the opposite direc- 
tion as seen in the axial direction to the influence of the first 
rotor (4) on the second rotor through magnetic flux directed 
substantially axially. 

20 27. A device according to claim 2 and possibly any of claims 3- 
26, characterized in that the second electric machine is a re- 
luctance machine with poles (24) magnetically imprinted on the 
rotor (5) thereof for increasing the reactance between the sta- 
tor (6) and the rotor at the poles with respect to between these 

25 poles. 

28. A device according to claim 27, characterized in that it 
comprises means (25, 27) for increasing the relationship be- 
tween the reactance for a magnetic flux through the stator (6), 
30 to a pole (24) of the rotor (5) being magnetically imprinted and 
back to the stator through an adjacent pole of the rotor being 
magnetically imprinted with respect to the reactance for a mag- 
netic flux through the stator, to a portion between poles of the 
rotor being magnetically imprinted and then back to the stator. 

35 
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29. A device according to claim 28, characterized m that said 
means are formed by pieces (25) of a material arranged to 
function as a barrier for magnetic flux laid in the rotor substan- 
tially at the location of the portions between two adjacent poles 

5 (24) being magnetically imprinted so as to reduce the reactance 
for magnetic flux between the stator and the rotor through said 
portions. 

30. A device according to claim 29, characterized in that said 
10 barrier material is air. 

31. A device according to claim 30, characterized in that the 
rotor (5) is annular and the pieces are formed by openings~(53) 
running substantially radially through the rotor. 

15 

32. A device according to claim 31, characterized in that the 
openings have substantially a V-shape as seen in the radial di- 
rection with the tip of the V pointing substantially axially. 

» 

20 33. A device according to claim 32, characterized \r\ that each 
said piece between each pole is formed by a plurality of open- 
ings (55) with said V-shapes of different sizes following upon 
each other in the axial direction and with the V's received in 
each other. 

25 

34. A device according to any of claims 28-33, characterized 
in that the rotor (5) comprises a plurality of material layers (52) 
arranged in turns superposed on each other while forming a ring 
having a diameter growing for each layer. 

30 

35. A device according to claim 28, characterized in that said 
means are realized by the fact that the rotor (5) comprises a 
plurality of material layers (27) superposed onto each other in 
the direction towards the stator. 

35 
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36. A device according to claim 17 and any of claims 27-35, 
characterized in that the second rotor (5) has permanent 
magnets (17) on the opposite side thereof with respect to the 
poles (24) being magnetically imprinted for co-operating with 

5 the windings of the first rotor. 

37. A device according to claims 11 and 36, characterized \u 
that the permanent magnets (17) are arranged on the radially 
inner side of the second rotor (5). 

10 

38. A device according to claim 36 or 37, characterized 'in that 
the magnetic imprint on one side of the rotor and the arrange- 
ment on the permanent magnets (17) on the opposite side 
thereof are adapted to each other in such a way that the mag- 

15 netic flux through the rotor deriving on one hand from the per- 
manent magnets and on the other from the reluctance machine 
run in substantially opposite directions and mainly cancel each 
other out. 

20 39. A device according to claim 38, characterized in that the 
permanent magnets (17) are arranged substantially straight in 
front of the poles (24) magnetically imprinted. 

40. A device according to any of claims 27-39, characterized 
25 in that the second electric machine is a synchronous reluctance 

machine. 

41. A device according to claim 12 or 13, characterized 'in that 
the first rotor (4) is arranged on an input shaft (2) on the inter- 

30 nal combustion engine side of the energy converter, and that it 
comprises members (41) adapted to establish an electric con- 
nection between the windings of the first rotor (4) and the 
power source (7) parallel to a connection thereof through 
brushes (40) bearing against the slip rings (19) when the output 

35 shaft (2) of the internal combustion engine is not moving. 
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42. A device according to claim 41, characterized in that it 
comprises members (39) adapted to lift the brushes (40) from 
the contact with the slip rings (19) when the output shaft (2) of 
the internal combustion engine is not moving. 

5 

43. A device according to any of claims 1-42, characterized \x\ 
that said power source (7) is a direct current source, such as an 
electric battery, and that this is connected to said windings 
through a converter (8, 9). 

10 

44. A device according to any of claims 1-43, characterized r in 
that it comprises a gear (11) adapted to reduce the number of 
revolutions between the output shaft of the internal combustion 
engine and said drive shaft, and that this gear is arranged ei- 

15 ther between the internal combustion engine (1) and the energy 
converter (3) or on the same side of the energy converter as 
the drive shaft (10). 

45. A device according to any of claims 4-8, 10-14, 43 and 44, 
20 characterized 'in that said unit is a gear (30) having a variable 

gear change connected to one of the rotors (5) of the energy 
converter, and that this gear and an arrangement (31) for con- 
trolling the energy exchange between the power source and the 
rotor provided with windings are adapted to co-operate. 

25 

46. A device according to any of the preceding claims, charac- 
terized in that the regulating arrangement (14) is adapted to 
control the power supply from the power source to the windings 
and interrupt the power supply to the internal combustion en- 

30 gine and keep the output shaft thereof at rest so as to achieve 
only electric driving of the drive shaft (10). 

47. A device according to claim 2, characterized in that the 
regulating arrangement (14) is adapted to interrupt the power 

35 supply to the internal combustion engine and keep the output 
shaft thereof at rest, lead electric energy generated in the sta- 
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tor winding through forces of inertia of a piece being in a power 
transmitting relation to the drive shaft and which rotates the 
rotor of the second machine to the power source for electric 
braking of the movement of the drive shaft. 

5 

48. A device according to any of the preceding claims, charac- 
terized in that the regulation arrangement (14) is adapted to 
control a member (48) when the drive shaft (10) is slowed down 
to interrupt the supply of fuel to the internal combustion engine 

10 (1) and the electric machine/the electric machines and feed 
kinetic energy of the drive shaft to said power source (7). 

49. A device according to claim 48, characterized in that the 
regulating arrangement (14) is, when the drive shaft is slowed 

15 down, adapted to control transfer of a part of the kinetic energy 
of the drive shaft. as well to the shaft (2) of the internal com- 
bustion engine for motor braking. 

50. A device according to any of the preceding claims, charac- 
20 terized in that the regulating arrangement (14) is adapted to 

control the supply of electrical energy to the rotor windings (15) 
of the first machine for rotating the rotor (4) connected to the 
output shaft (2) of the internal combustion engine for starting 
the internal combustion engine. 

25 

51. A device according to claims 2 and 50, characterized in 
that the regulating arrangement (14) is adapted to control the 
second electric machine to create a torque resistance and the 
first electric machine to produce a desired number of revolu- 

30 tions of the output shaft (2) of the internal combustion engine 
when starting the internal combustion engine. 

52. A device according to any of the preceding claims, charac- 
terized in that the regulating arrangement (14) is, when the 

35 drive shaft (10) is disconnected from outer load (idle) and the 
internal combustion engine is running, adapted to guide electri- 
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cal energy generated in the rotor windings of the first machine 
through a relative movement of the first (4) with respect to the 
second (5) rotor generated by the rotation of the output shaft 
of the internal combustion engine to said power source for 
5 charging thereof. 

53. A device according to claim 2, characterized in that the 
regulating arrangement (14) is, at a low outer load on the drive 
shaft, adapted to guide a part of the energy supplied to the en- 
10 ergy converter through the output shaft (2) of the internal com- 
bustion engine as electrical energy from the rotor windings (15) 
and the stator windings (16) to said power source (17) for 
charging thereof. 

15 54. A device according to claim 2, characterized in that the 
regulating arrangement (14) is, at a high outer load on the drive 
shaft (10), adapted to guide electrical energy from said power 
source (7) to the rotor windings (15) as well as to the stator 
windings (16) for energy supply to the drive shaft. 

20 

55. A device according to claim 9, characterized in that the 
regulating arrangement (14) is, when there is a desire of fixing 
the rotation speed of the drive shaft at a determined level, 
adapted to control the energy supply to the internal combustion 

25 engine so that this is constant and the output shaft (2) of the 
internal combustion engine has a determined number of revolu- 
tions and when the load on the drive shaft (10) increases to 
control supply of electrical energy from the power source to the 
windings (16) of the stator for maintaining the same relation of 

30 numbers of revolutions of the second rotor with respect to the 
first one driven by the internal combustion engine. 

56. A device according to any of the preceding claims, charac- 
terized in that the regulating arrangement (14) is, when the 

35 internal combustion engine (1) is running and a load is supplied 
on said drive shaft (10), adapted to cause a regenerating brak- 
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ing thereof through energy supply from said windings (15, 16) 
to the power source (7). 

57. A device according to any of the preceding claims, charac- 
5 terized in that the regulating arrangement (14) is adapted to 

supply electrical energy to said windings (15) in such a way that 
the second rotor (5) at a given direction of rotation of the out- 
put shaft (2) of the internal combustion engine is influenced 
thereby to rotate in another direction than normally for obtain- 
10 ing a reversal of the direction of rotation of the drive shaft. 

58. A device according to claim 45, characterized in that the 
regulating arrangement (14) is, when there is a need of chang- 
ing the torque of the drive shaft (10), adapted to control the 

15 gear (30) to change the gear change and at the same time con- 
trol the energy exchange between the electric machine and the 
power source (7) so that the influence of said change of the 
gear change of the gear upon the number of revolutions of the 
drive shaft is compensated by a change of the number of revo- 

20 lutions of that rotor (5) of the electric machine which is con- 
nected to said gear. 

59. A device according to any of claims 1-58, characterized \x\ 
that said drive shaft (10) is a drive shaft for driving a wheel 

25 axle (12) of a wheeled vehicle (13). 

60. A vehicle, such as wheeled vehicles, railway vehicles and 
ships, equipped with a hybrid drive device according to any of 
the preceding claims. 

30 
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